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(54) Piston stroke control arcult for an oscillating compressor 

(57) A linear hermetic compressor is provided which 
may be employed in refrigerators or air conditioners. 
The compressor includes a linear motor (3) and a piston 
osciliation controller (1 8). controlling the control oscilla- 
tions of the piston so as to bring an actual top dead 
center position of the piston into agreement with a refer- 
ence top dead center position and altering the reference 
top dead center position based on a given parameter 
such as the ambient temperature or a required thermal 
load of. for example, a refrigerator. 
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Description 

[0001] The present invention relates generally to an 
improved structure of a linear compressor which may be 
used in refrigerators or air corKDtioners. s 
[0002] Japanese Patent First Put>lication No. 8- 
247025 discloses a linear compressor for use in a refrig- 
erator which is designed to keep a top clearance 
between a cylinder head and the head of a piston when 
lying at the top dead center-constant fbr avoiding an io 
overstroke of the piston. The linear compressor, how- 
ever, has the drawback in that a decrease In anfibtent 
temperature or thern^ load of the refrigerator results in 
excess of a refrigerating capacity because of the con- 
stant top clearance. 15 
[0003] the conventional linear corrfpressor also 
encounters another drawback in ttiat the efficiency of a 
linear motor which moves the piston linearly is poor 
because of an increased copper loss of a coil. 
[0004] It is therefore an aim of the present invention to 20 
avoid the disadvantages of the prior art. 
[0005] It is another aim of the present invention to pro- 
vide an improved structure of a oompressor which has a 
high efficiency. 

[0006] According to one aspect of the present inven- 25 
tion, ttiere is provided a linear compressor which com- 
prises: (a) a hermetic casing: (b) a block having formed 
thereri a cylinder within which a piston osdilates to 
change a volume of a compression chamber; (c) a lin- 
ear motor moving the piston within the cylinder in a first 30 
direction; (d) an elastic unit which is connected at a first 
portion to the block and at a second portion to the piston 
to urge the piston in a second direction opposite the first 
direction in response to the movement of the piston 
through the linear motor so that the pi^dn oscillates in 3s 
the cylirxier; (e) a piston position sensor detecting a 
position of the piston to provide a position signal indica- 
tive thereof; (f) a top dead center position determining 
circuit detennining an actual top dead center position of 
the piston based on the position signal provided by the 40 
piston position sensor; (g) an oscillation control circuit 
controirmg oscillation of the piston so that a difference 
between the actual top dead center position and a refer- 
ence top dead center position of the piston is 
decreased; and (h) a reference top dead center position 45 
changing circuit changing the reference top dead center 
position. 

[0007] In the preferred mode of the invention, an ambi- 
ent temperature sensor is further provided which meas- 
ures an ambient temperature. The reference top dead so 
center position changing circuit changes tiie reference 
top dead center position based on the ambient tenper- 
ature measured by the ambient temperature sensor 
[0008] An operating condition determining circuit is 
further provided which determines a oompressor output ss 
request The reference top dead center position chang- 
ing circuit changes the reference top dead center posi- 
tion Idased on the oompressor output request 



determined by the operating condition determining cir- 
cuit 

[0009] According to tiie second aspect of the inven- 
tion, there is provided a linear compressor which com- 
prises: (a) a hermetic casing; (b) a block having formed 
ttierein a cylinder within which a piston oscillates to 
change a volume of a compression chamber; (c) a lin- 
ear motor including a stator and a rotor, the rotor toeing 
connected to the piston to move the piston within the 
cylinder in a first direction; (d)-arrelastic unit which is~ 
connected at a first portion to the block and at a second 
portion to the piston to urge the piston in a second direc- 
tion opposite tiie first direction in response to the nnove- 
ment of the pteton through the linear motor so that the 
piston oscillates in the cylinder; (e) a prldssure chamber 
formed in the block; (f) a stator moving memt>ef having 
disposed thereon the stator of the linear motor, the sta- 
tor moving member toeing mounted within the pressure 
chamber sikiat>ly in the first and second directions; (g) 
first and second back pressure chambers defined in the 
pressure chamber on both sides of the stator moving 
member; and (h) a pressure controlling mechanism 
controlling a dlffererx^e in pressure between the first and 
second t^ack pressure chambers to shift the stator mov- 
ing member, theretiy moving the stator to a desired 
position. 

[0010] In the preferred mode of the invention, the 
block also has formed therein an inlet arxj an outiet 
communicating with the conpression chamber. The 
pressure controlling mechanism selectively establishes 
and t)locks communications t>etween the inlet arxi the 
f irst t^ack pressure chamber and between tiie outlet and 
the second back pressure chamber. 
[001 1 ] An urging mechanism is further provided which 
urges the stator of the linear motor away from the com- 
pression chamber. 

[001 2] According to the third aspect of the invention, 
there is provided a linear motor which comprises: (a) a 
rotor; and (b) a stator including a coil arid an annular 
yoke retaining therein tiie coil, the yoke being made of a 
plurality of arc-shaped Uocks each of which has formed 
therein a groove in which a peripheral portion of the coil 
is fitted. 

[001 3] According to the fourth aspect of the invention, 
there is provided a linear motor whteh comprises: (a) a 
rotor; ax\6 (b) a stator including an annular yoke, the 
yoke being formed with a plurality of blocks each consti- 
tuting a circumferential portion of the yoke, each of the 
t>k>cks including a central section and first and second 
outer sections disposed on both sides of the central 
section, the central section being made consisting of 
laminations made from a material having a higher per- 
meat)ility. the first and second outer sections each toeing 
made from a material having a permeability lower ttian 
that of the central section and an electric resistance 
greater than that of the central section. 
[001 4] In the preferred mode of the invention, the lam- 
inations making up the central section of each of the 
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blocks of the yoke are laid to overlap each other in a cir- 
cumferential direction of the yoke. 
[001 5] The central section of each of the blocks of the 
yoke is quadrangular prism-shaped, and each of the 
first and second outer sections is triangular prism- 5 
shaped. 

[0016] The central section and the first and second 
outer sections are joined to each other using resin. 
[001 7] The first outer section of each of the blocks of 
the yoke has-a-protrusion formed on a surface facing in 
a circumferential direction of the yoke. The second outer 
section has fbrrned in a surface facing the circumferen- 
tial direction of the yoke a groove in which the protrusion 
is fitted for joining the blocks to each other to complete 
the yoke. — 
[001 8] Accordtng^tp tiie f iftft aspect of the invention, 
there is provkled a linear motor which comprises: (a) a 
rotor; (b) a stator including an annular yoke, the yoke 
being formed witfi a plurality of blocks each constituting 
a drcumferential portion of the yoke, each of the blocks 
being formed with laminations made from a material 
having a higher permeability; and (c) an annular retainer 
retaining the blocks on an inner surface thereof at regu- 
lar intervals in a circumferential direction of tiie retainer, 
the retainer includirig a strip member and holders, the 
Gti'ip member being made from a material having a per- 
meability lower than that of tiie yoke and an electric 
resistance greater than that of the yoke, each of tiie 
hoklers holding therein one of the bkx^ and being 
glued on the stirip member. 30 
[001 9] In the prefen-ed mode of the invention, each of 
the hokJers is made of a C-shaped member having dis- 
posed therein one of the k^locks. 
[0020] The present invention will be understood more 
fully from tiie detailed desaiption given hereinbelow 35 
and from the accompanying drawings of the preferred 
embodiment of the invention, which, however, should 
not be taken to limit tiie invention to tiie specific embod- 
iment but are lor explanation and understanding only. 

40 

In the drawings: 
[0021] 

Fig. 1 is an illustration which shows a linear conv 4S 
pressor according to the first embodiment of tiie 
invention; 

Fig. 2 is a graph which shows tiie efficiency of a lin- 
ear conrpressor and a reference top dead center 
position in terms of the refrigerating capacity; so 
Fig. 3 is a cross sectional view which shows a linear 
compressor according to the second embodiment 
of the invention; 

Fig. 4 is a cross sectional view which shows a linear 
compressor according to tiie third embodiment of ss 
the invention; 

Fig. 5 is a partially cross sectional view which 
shows a linear motor may be used in linear com- 



pressors of the first to third entixxiiments; 

Fig. 6 is a top view which shows an outer yokia of 

the linear motor of Fig. 5; 

Rg. 7 is a longitudinal cross sectional view taken 
along tiie line VII-VII in Rg. 6; 
Rg. 8 is a perspective view which shows fabrication 
of a coil fitted in tiie outer yoke of Figs. 6 and 7; 
Rg. 9 is a perspective view which shows one of 
separate blocks making up tiie outer yoke of Rgs. 6 

and 7; — 

Rg. 10 is a top view which shows a modification of 

the outer yoke in Fig. 5; 

Rg. 11 is a skie view of Rg. 10; 

Rg. 12 is a persped^ view yirtiich shows one of 

tiie separate blocks of^^gs. ipjnd 11; 

Rg. 13 is a top view wfiich shows a second nxxfrfi- 

cation of tiie outer yoke in Rg. 5; 

Rg. 14 is a perspective view which shows one of 

separate blocks in Rg. 1 3; and 

Rg. 1 5 is a perspective view which shows a block 

refainer in Rg. 13. 

[0022] Refem'ng now to tiie drawings, particulariy to 
Rg. 1 , there is shown a linear compressor (also called a 
vibrating compressor) according to the present inven- 
tion which. The following discussion will refer to the lin- 
ear compressor as being used in a refrigerating system 
such as a refrigerator, but tiie present invention is not 
limited to the same. 

[0023] The linear compressor includes generally a 
hermetic casing 1 and a connpressor mechanism 2. 
[0024] The corrpressor mechanism 2 includes a linear 
motor 3. a cylinder 4, a piston 5, a hollow block 6. a cyl- 
inder head 7, and a spring assembly 8 and is supportjed 
within tiie casing 1 through suspension ^ngs (not 
shown). A lubricating oil 1 1 fe settled on tiie bottom of » 
the casing 1. 

[0025] The tiock 6 has fomied ttiereiri the cylinder 4 
within which tiie piston 5 reciprocates to suck, for exam- 
ple, a refrigerant from the Inlet 7a into a compression 
chamber 9 and to discharge it from tiie outiet 7b to tiie 
refrigerating system. 

[0026] The motor 3 consists of an annular stator 3a 
and a rotor 3b mounted on the piston 5. The stator 3a is 
mounted in a peripheral wall of the block 6. Instead of 
the motor 3, any otfier known moving mechanisms may 
be used which are capable of reciprocating the piston 5. 
[0027] The spring assemksly 8 which consists of four 
spring discs 8a laid to overlap each otiier and outer and 
inner annular spacers 8b and 8c disposed between 
adjacent two off tiie spring discs 8a. Each of the spring 
discs 8a has formed therein, for example, arc-shaped 
slits to define spring arms and is connected at the 
center to tiie periphery of the'piston 5 and at an outer 
edge to an inner wall of the hollow block 6. 
[0028] The linear compressor also includes a piston 
position sensor 14. an A/D converter 15, a top dead 
center determining circuit 16, a reference top dead 
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center position determining circuit 23, an oscillation 
controller 18. and an ac power supply 17. The osdlia- 
tion controller 18 includes a reciprocating motion con- 
troller 21 and a base driver 22. The reciprocating motion 
controlier 21 includes a reference top dead center posi- 
tion memory 19, an amplifier 20, a comparator 25. 
[0029] The piston position sensor 14 is implemented 
by a differential transformer and consists of a cylindrical 
coil 14a and a core 14b made of a permanent magnet 
-The cylindrical coil 14a is connected to an inner end wail 
of the hollow block 6. The core 14b is connected to the 
bottom of the piston 5. The movement of the core 14b 
(i.e., the piston 5) causes the coil 14a to output an elec- 
tric signal indicative of the position of the piston 5 In an 
'analog fbrm'to the A/D converter 15. The A/D converter 
1 5 converts the input signal into a digital signal and out- 
puts it to the top dead center determining circuit 16. The 
top dead center determining circuit 16 monitors the 
position of the piston 5 based on the signal from the A/D 
converter 15 to output a top dead center signal to the 
reciprocating motion controller 21 when the piston 5 has 
reached the top dead center. The reciprocating motion 
controller 21 compares through the comparator 25 an 
actual top dead center position of the piston 5 indicated 
by the top dead center signal with a reference top dead 
center position stored in the reference top dead center 
position memory 19 to change the amplitude of a volt- 
age signal outputted through the amplifier 20 to the 
base driver 22 accofding to the cfifference between the 
actual top dead center position and the reference top 
dead center position. The t>ase driver 22 controls the 
supply of power (i.e., an output voltage) from the power 
supply 1 7 to the motor 3 based on the inputted voltage 
signal to adjust the movement of the piston 5 so that the 
difference between the actual top dead center position 
and the reference top dead center position is decreased 
to zero. 

[0030] The reference top dead center position deter- 
mining drcult 23 is connected to a temperature sensor 
70 and an operating condition sensor 75. The tempera- 
ture sensor 70 measures an ambient temperature. The 
operating condition sensor 75 monitors a given operat- 
ing condition such as a required thermal load (i.a, a 
refrigeration demand) of the refrigerating system as a 
function of the temperature within a refrigerating chanrb 
ber of the refrigerating system (e.g., a refrigerator). 
[0031] The reference top dead center position deter- 
mining circuit 23 alters the reference top dead center 
position stored in the memory 1 9 according to the ambi- 
ent temperature measured by the temperature sensor 
70 and the operating corKlition of the refrigerating sys- 
tem monitored by the operating condition sensor 75. 
[0032] In operation, when the power supply 17 is 
turned on, tiie rotor 3b of the motor 3 is excited and 
attracted in a horizontal direction, as viewed in the draw- 
ing, along with the piston 5, pressing the spring assem- 
bly 8. The spring assembly 8 produces a reactive force 
to move the piston 5 in the opposite cfirection. thereby 



causing the piston 5 to osdliate. increasing and 
decreasing the volume of the compression chamtier 9 
alternately. 

[0033] The oscillation controller 18 adjusts, as 
5 described above, the output voltage from the power 
supply 17 to the motor 3 so tiiat ttie difference between 
the actual top dead center position of the piston 5 mon- 
itored by the piston position sensor 1 4 and the reference 
top dead center position stored in tiie memory 19 may 
10 be^decreased to zero. The top clearance of the piston 5 
(I.e., the gap between the head of the piston 5 at the top 
dead center and an inner wall of the cylinder head 7) is, 
thus, kept constant 

[0034] When the ambient temperature and/or the 

15 required thermar load monitored by the temperature 
sensor 70 and the operating condition sensor 75 are 
decreased, it will cause a required refrigerating capacity 
of the linear compressor to be lowered. The reference 
top dead center position deternrtining circuit 23 selects 

so one of reference top dead center positions by look-up 
using a map t^sed on the nx>nrtored ambient tempera- 
ture and the thermal load of the refrigerating system 
and alters the reference top dead center position now 
stored in the menrK>ry 19 of the reciprocating motion 

25 controller 21 so as to increase the top clearance of the 
piston 5. An increase in top clearance of the piston 5 
causes the refrigerating capacity of the linear compres- 
sor to be lowered, thereby avoicfing the excess of tiie 
compression capacity of the linear compressor (i.e., the 

30 capacity of the refrigerating system). 

[0035] The linear compressor may also include a 
quick refrigeration manual switch (not shown) which is 
installed in an operation panel of the refrigerator. When 
the quick refrigeration manual switch is turned on ksy an 

35 operator, the reference top dead center position deter- 
mining drcuit 23 alters tine reference top dead center 
position stored in the memory 19 so as to decrease the 
top dearance of the piston 5 for enhancing the refriger- 
ating capacity regardless of the outputs from the tem- 

40 perature sensor 70 and the operating condition sensor 
75. 

[0036] Fig. 2 shows results of tests performed by the 
inventors of this application aixi shows that a change in 
reference top dead center position to increase the top 

45 clearance of the piston 5 causes the refrigerating 
capacity of the linear compressor to be lowered, but the 
efficiency of the linear compressor hardly changes until 
a ratio of the volume of the top dearance of the piston 5 
to the volume of the cylinder 4 reaches 10%. Spedfi- 

so cally, within a range of the ratio of the volume of the top 
dearance of the piston 5 to the volume of the cylinder 4 
of 10%. the refrigerating capacity may be lowered to 
approxintately half according to the environmental and 
refrigerating conditions without degrading the effidency 

55 of the linear conpressor and the entire refrigerating sys- 
tem. 

[0037] Fig. 3 shows a linear compressor according to 
the second embodiment of the invention. The same ref- 
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erence numbers as employed in Rg. 1 refer to the same 
parts, and explanation thereof in detaO will be omitted 
here. 

[0038] The linear compressor includes an annular sta- 
tor moving base 27. a pressure control system 25. and s 
acontrollerlOO. 

[0039] The stator moving base 27 rigidly holds the sta- 
tor 3a of the motor 3 on an inner wall thereof and is dis- 
posed within an annular chamber 50 formed in a 

peripheral wall of the hollow block 6. Thia ^uihular c\&n^~~W 

ber 50 has first and second back pressure chambers ' 
26a and 26b defined between ends of the annular 
chamber 50 and ends of the stator rroving base 37, 
respectively. 

'[p04p] The pressui^e control system 25 includes pres- 75 
'Sure control valves 25a. 25b, 25c. and 25d. connecting 
pipes 25e. 25f. 25g. and 25h. and pressure pipes 25i 
and 25j. The connecting pipes 25e and 25f connect a 
suction pipe 24 which leads to the inlet 7a of the com- 
pressor mechanism 2 with the pressure control valves so 
25ia and 25b, respectively. The connecting pipes 25g 
and 25h connect a discharge pipe 10 which leads to the 
outlet 7b of the compressor mechanism 2 with the pres- 
sure control valves 25c and 25d. respectively. The pres- 
sure pipe 25^ connects the pressure control valves 25a 25 
and 25c with the back pressure chamber 28b through a 
l)ack pressure pipe 26b extending through the casing 1 . 
The fxessure pipe 25j connects the pressure control 
valves 25b and 25d with the back pressure chamber 
28a through a back pressure ppe 26a extending so 
through the casing 1. Each of the pressure control 
valves 25a to 25d is. for example, a solenoid valve 
which is actuated by the controller 100. 
[0041 ] The linear compressor of this embodiment also 
includes a temperature sensor 70 measuring the ambi- 35 
ent temperature and a pressure sensor 77 measuring 
the pressure of a refrigerant within the discharge pipe 
10 which are connected to the controller 100. 
[0042] When the ambient temperature and/or the 
pressure of the refrigerant discharged from the outlet 7b 4o 
of the compressor mechanism 2 are decreased, it will 
cause the piston 5 to be moved left, as viewed in the 
drawing, over the top dead center so that it may collide 
with the inner wall of the cylinder head 7. Therefore, 
when either or both of outputs from the temperature 4s 
sensor 70 and the pressure sensor 77 exceed given 
lower threshold values, the controller 100 opens the 
pressure control valves 25a and 25d while it closes the 
pressure corrtrol valves 2Sb and 25c to establish com- 
munications between the back pressure chamber 28a so 
and the outlet 7b and between the back pressure cham- 
ber 28b and the inlet 7a of the compressor mechanism 
2. The inner pressure of the back pressure chamber 
28a is. thus, increased, while the pressure of the back 
pressure chamber 28b is decreased, thereby causing ss 
the stator moving base 27 to be urged right, as viewed 
in the drawing, to shift the center of oscillation of the pis- 
ton 5 away from the cylinder block 7. This avoids the col- 



. lision of the piston 5 with the inner wall of the cylinder 
head 7 which will contribute to unwanted mechanical 
noise and damage of the piston 5. 
[0043] Rg. 4 shows a linear compressor according to 
the third embodiment of the invention which Is different 
from the one shown in Fig. 3 only in that a coil spring 29 
is disposed between a holder 45 mounted on an inner 
wall of the hollow block 6 and the stator 3a of the linear 
motor 3 whk^ produces a spring pressure to hokl the 
statqir 3a from being shifted left, as viewed in the draw- ' 
ing. Other arrangements are identical, and explanation 
thereof in detail will be omitted here. 
[0044] Wh^n the linear conpressor of the second 
emtx)^merit in Rg. 3 is turned off. the linear motor 3 
may be stopped with the stator 3a being shifted left, as 

. viewed in the drawing, away from a desired center of 
oscillation of the piston 5. When the linear conpressor 
is turned on from this state, it may cause the piston 5 to 
pass over the top dead center and colGde with the inner 
wall of the cylinder block 7. The coil spring 45 of this 
embodiment, as described above, holds the stator 3a in 
a desired position (e.g.. the desired center of oscillation 
of the piston 5) when the pressures within the back 
pressure chambers 28a and 28b are balanced after the 
linear compressor is tumed off. thereby avoiding the col- 
lision of the piston 5 with the inner wall of the cylinder 
block 7 immediately after the linear compressor is 
tjrnedon. 

[0045] Instead of the coil spring 29. an elastic member 
such as rut>ber may be used. 

[0046] Rg. 5 shows a linear motor 3 which may be 
employed in the at>ove en^xxliments. 
[0047] The flnear motor 3 consists essentially of a sta- 
tor 3a and a rotor 3b. The stator 3a includes an annular 
inner yoke 101. an annular outer yoke 104. and a coil 
106. The inner yoke 101 and the outer yoke 104 are, 
secured on the hollow block 6. as shown in Rg. 1 . The 
outer yoke 104 has two /magnetic poles 102 and 103. 
The rotor 3b irx:ludes a cylindrical permanent magnet 
107 and has the piston 5 pass through the txmom 
thereof. 

[0048] The outer yoke 104 includes, as shown in Rg. 
6, a plurality of separate blocks 104a. 104b, 104c, and 
i04d whose end surfaces 114a, 114bk 114c and 114d 
are glued or welded to each other. Each of the blocks 
104a to 1 04d has. as shown in Figs. 7 and 9. formed in 
an inner wall thereof a groove 113 in which the ooil 106 
Is fitted. 

[0O49] The outer yoke 1 04 may be fbrmed with at least 
two separate blocks. 

[0050] In fabrication of the coil 1 06 and the outer yoke 
104. the coil 106 is. as shown in Rg. 8. first made by 
tensioning arvJ winding wire around a bobbin 150 out- 
ward in a radial direction at high density. Next, the bob- 
bin 150 is drawn from the coil 106 and fitted into tiie 
grooves 113 of the blocks 104a to 104d of the outer 
yoke 104. Rnally, the blocks 104a to 104d are glued or 
welded to each other to make up the outer yoke 104. 
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[0051] Hie coil 106 may be impregnated with a resin 
liquid for avoiding deformation and protection thereof. 
[0052] In conventional linear motors, a stator is usually 
made by vinnding wire within a groove formed in an inner 
wall of a one-piece annular outer yoke inward in a radial s 
direction. It is, thus, difficult to wind the wire under high 
tension. In contrast to tNs. the stator 3a of this embodi- 
ment is. as described above, made by fitting the coil 
106. which is formed by winding the wire outward in the 
radial direction under high tefiSioamthe proves 113 of io 
the blocks I04a to I04d and joining the blocks 104a to 
104d to complete the outer yoke 104. The coil 106 of 
this embodiment, therefore, has a higher space factor 
arxJ a greater number of tums per volume as compared 
with the conventional linear motors! This reduces a cop- is 
per loss that is proportional to the square of current 
flowing through the cal. thereby resulting in greatly 
improved efficiency of the linear motor 3. 
[00531 Figa 10, 1 1 . and 12 show the first modification 
of the outer yoke 1 04 used in the linear motor 3. 20 
[0054] The outer yoke 104 of ttiis embodiment 
includes twelve fan-shaped separate blocks 104a iden- 
tical in size and shape with each other. Each of the sep- 
arate blocks 104a consists of a central portion 80 and 
first and second outer portions 90 arxj 101. The central 2S 
portion 80 is formed with quadrangular prism-shaped 
laminations 70 made from a material having a higher 
permeabOity. The first and second outer portions 90 and 
101 are each ftKmed witii a triangular prism-shaped 
member made from, for exarrple, resin having the per- 30 
meability lower than that of the central portion 80 and 
the electric resistance greater than that of the central 
portion 80. Each of the blocks 104 is fabricated by sand- 
wiching the central portion 80 between ttie first and sec- 
ond portions 90 and 101 and impregnating tiiem with 35 
resin. 

[0055] Each of the first outer portions 90 has, as 
shown in Rg& 10 and 12, formed therein a circular 
recess or groove 210. Each of the second outer portions 
101 has. as clearly shown in Rg. 12. formed tiierein a 40 
cylindrical protrusion 220. The assembly of the outer 
yoke 104 is accomplished by inserting the cylindrical 
protrusion 220 of each of the second outer portions 101 
into the circular groove 210 of one of the first outer por- 
tion 90 from an axial direction thereof to join all the 4S 
blocks 104a. 

[0056] Each of tie blocks 1 04 may be suifece-f inished 
before the outer yoke 104 is assembled. Alternatively, 
the outer yoke 104 may k^e surface-finished after being 
assembled. so 
[0057] The eddy current loss of a linear motor is usu- 
ally proportional to the square of the ttiickness of a 
yoke. tMJt decreased greatiy in this embodiment by the 
formation of the central portion 80 of the outer yoke 1 04 
with the laminations 70 having the higher permeability. 55 
which results in greatiy improved efftoiency of the linear 
motor 3. 

[0058] Each of the \Aocks 104, as described above. 



has disposed on both sides of the central portion 70 the 
first and second outer portions 90 and 101 each having 
the lower permeability and higher resistance, tiiereby 
minimizing the leakage of magnetic flux from the central 
portion 70 of each of the blocks 104 to adjacent one, 
thus resulting in a decrease in copper loss. 
[0059] The outer yoke 104 of this embodiment does 
not have the coil 106. but may have the same as 

needed. 

[0060] The inner yoke 101 shown in Rg. 5 may be fab- 
ricated in the same manner as descf it^ed above. 
[0061 ] Rgs. 1 3. 1 4. and 1 5 show the first modification 
of the outer yoke "104 used in the linear motor 3. 
[0062] The outer yoke 104 of this embocfiment 
includes twelve separate blocks 215 and an annular 
bkx^ retainer 216. Each of the kslocks 215 is, as clearly 
shown in Rg. 14, formed with quadrangular prism- 
shaped laminations 21 7 made from a material having a 
higher permeability The block retainer 216. as clearly 
shown in Rg. 15. consists of a strip member 219 and 
twelve C-shaped holders 218. The strip member 219 is 
flexible and made of. for example, resin which has the 
permeability lower tiian that of the blocks 215 and tiie 
resistance greater ttian that of tiie fcriocks 215. This 
avads the flow of magnetic flux through the strp mem- 
ber 219 between adjacent two of tiie bk>cks 215. 
thereby minimizing tiie copper k>ss. 
[0063] The C-shaped hokJers 218 are glued on an 
inner surface of the strip member 219 at regular inter- 
vals and hold ttierein tiie blocks 215. as shown in Rg. 
13. in a circumferential direction with regular gaps 220. 
The formation of the gaps 220 between adjacent two of 
tine blocks 215 increases a surtece area of tiie outer 
yoke 104, tiiereby facilitating the cooling of the linear, 
motors. 

[0064] The outer yoke 104 of this embodiment does 
not have tiie coil 106, but may have the same as 
needed. / 

[0065] The inner yoke 101 shown in Rg. 5 may be fs^ 
ricated in the same manner as described at:>ove. 
[0066] While ttie present invention has been disclosed 
in terms of the preferred embodiment in order to faciS- 
tate a better understancBng thereof, it should be appre- 
ciated that the invention can be emtxxBed in various 
ways without departing from the princple of the inven- 
tion. Therefore, tiie invention should be understood to 
include all possitrfe emkxxliments arxl modification to 
the shown enixxiiments which can be embodied with- 
out departing from the scope of the invention as set 
forth in the appended claims. 

Claims 

1 . A linear compressor comprising: 
a hermetic casing; 

a block having formed therein a cylinder within 
which is provided a piston which can oscillate 



11 



EP0952 347A1 



12 



to change the volume of a compression cham- 
ber; 

a linear motor for moving the piston within the 
cylinder In a first direction; biasing means con- 
nected at a first portion to said block and at a 5 
second portion to the piston to urge the piston 
in a second direction opposite the first direction 
in response to the movement of the piston 
through said' linear motor so that the piston 
dsdllatislFftfie cyli^ ' * io 

a piston position sensor for detecting a position 
of said piston to provide a position signal indic- 
ative thereof ; 

a top dead center position determining drcuit 
tor determirilngj^^ ac^aTtbp dead center posi- is 
Hon 61 said pis^ tjaseid on the position signal 
provided by said piston position sensor; 
an oscillation control circuit for controlling oscil- 
lation of the piston so that a difference between 
the actual top dead.center position and a refer- 20 
ence top dead center position of the piston is 
decreased; and 

a reference top dead center position changing 
circuit for changing the reference top dead 
center position. 25 

2- A linear compressor according to dalm 1, further 
cornprising an ambient temperature sensor. for 
measuring an ambient temperature, and wherein 
said reference top dead center position changing 30 
drcuit is adapted to change the reference top dead 
center position based on the ambient temperature 
measured by said ambient tenperature sensor. 

3, A linear compressor according to claim 1 or 2. fur- ss 
ther conrp'jsing an operating condition detemiining 
drcuit for determining a compressor output request, 
and wherein said reference top dead center posi- 
tion changing circuit is adapted to change the refer- 

. ence top dead center position based on the 40 
compressor output request determined l>y said 
operating condition determining circuit 

4. A linear oonpressor comprising: 

a hermetic casing; 

a block having formed therein a cylinder within 
which is provided a piston which can oscillate 
to change the volume of a compression cham- 
ber; so 
a linear motor induding a stator and a rotor, the 
rotor being connected to the piston for moving 
the piston within the cylinder in a first direction; 
biasing means connected at a first portion to 
said block and at a second portion to the piston ss 
to urge the piston in a second direction oppo- 
site the first direction in response to the move- 
ment of the piston through said linear motor so 



that the piston oscillates in the cylinder; 
a pressure chanib^ formed In said block; 
a stator moving member having disposed ther- 
eon the stator of said linear motor, said stator 
moving member being mounted within said 
pressure chamber slidably in the first and sec- 
ond directions; 

first and second t>ack pressure chambers 
defined in sai d pre ssure chan1t>er on botti sides 
oMhe stator moving memberi^^ 
a pressure corifiollihg mechanism for control- 
ling a difference In pressure between said first 
and second back pressure charnbers to shift 
said stator nrxivirigj^nember, Jh^^ moving 
the stator to a desired^positipn;.. 

5. A linear compressor according to claim 4, wherein 
said block also has formed therein an inlet and an 
outiet communicafing with the compresision cham- 
ber, and wherein said pressure controlling mecha- 
nism is adapted to selectively establish and block 
communications between the inlet arid tiie first 
back pressure chamber and between the outlet and 
the second back pressure chamt)er. 

6. A linear compressor according to claim 4 or 5. fur- 
tiier comprising an urging mechanism which urges 
the stator of said Gnear motor away from.the com- 
pression chamber. 

7. A linear motor comprisir^: 

a rotor; and 

a stator including a coil and an annular yoke 
retaining tfierein the cdl, tiie yoke being made 
of a plurality of arc-shaped blocks each of 
which has formed therein a groove in which a 
peripheral portion of tiie coil is fitted. 

8. A linear motor comprising: 

a rotor; and 

a stator induding an annular yoke, the yoke 
t>eing formed witii a plurality of blocks each 
constituting a circumferential portion of the 
yoke, each of the blocks induding a central 
section and first and second outer sections dis- 
posed on both sides of the central section, the 
central section being made consistng of lami- 
nations made from a material having a higher 
permeability, the first and second outer sec- 
tions each being made from a material having a 
permeability lower tiian that of the central sec- 
tion and an electric resis&nce greater than that 
off the central section. 

9. A linear motor according to daim 8, wherein the 
laminations making up the central section of each 
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of the blocks of the yoke are laid to overlap each 
other in a circumferential direction of the yoke. 

10. A linear motor according to daim 9. wherein the 
central section of each of the blocks of the yoke is s 
quadrangular prisnvshaped, arxi each of the first 
and second outer sections is triangular prism- 
shaped. 

n. A linear motor according to claim 8, 9 or 10, io 
wherein the central section and the first and second 
outer sections are joined to each other using resin. 

12. A linear motor according to claim 8. 9. 10 or 11. 
~jvherein flie first outer section of each of the t)locks 75 

of the yok^ has a protrusion formed on a surface 
facing in a circumferentiaJ direction of the yoke, and 
the second outer section has formed in a surfece 
facing the circumferential direction of the yoke a 
groove in which the protrusion is fitted for joining the 20 
k)locks to each other to complete the yoke. 

13. A linear motor comprising: 

a rotor; 25 
a stator indudrig an annular yoke, the yoke 
being formed with a plurality of blocks each 
constituting a circumferential portion of the 
yoke, each of the blocks being formed with lam- 
inations made from a material having a higher 30 
permeabOity; and 

an annular retainer retaining the t>locks on an 
inner surface thereof at regular intervals in a 
circumferential direction of the retainer, said 
retainer induding a strip memt>er and hdders. 35 
the strip member being made from a material 
having a permeability lower than that of the 
yoke and an electric resistance greater than 
that of the yoke, each of the holders holding 
therein one of the blocks and being glued on 40 
the strip memljer. 

14. A linear motor according to claim 13^ wherein each 
of thehokiersis made of a C-shaped men4>er hav- 
ing disposed therein one of the blocks. 45 
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